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ABSTRACT 
 
Understanding the characteristics of a reservoir ecosystem is crucial in water 
resources management. The aims of this study are to investigate the limnological 
characteristics and spatial physicochemical properties of water quality in the 
Sembrong Reservoir. This study includes investigation of spatial variability of 
sediment properties and the quality of bottom sediment and long term sedimentation 
rate in relation to land use change and major hydrology events. The data collection 
was carried out from November 2011 to January 2013. Vertical sampling of reservoir 
water was conducted and its physical properties were measured in situ. Water samples 
were also analysed in laboratory for Al, Fe, K, Na, Mg, Ca, Fe, Mn, Zn, Cu, As, Pb 
and Total Phosphorous. Stable isotopes (18O and 2H) were measured using SERCON 
GEO 20–20 Continuous Flow Isotope Ratio Mass Spectrometer (CF–IRMS). A total 
of nine sediment cores were analysed for fallout 210Pb and 137Cs radioisotopes activities 
by Gamma Spectrometer. Sediment samples were also analysed for Total Carbon and 
Total Nitrogen and grain size distribution. Polymictic pattern was observed in this 
reservoir, especially during wet months. Thermal stratification occurred at depths 
between 3m and 4 m. The occurrence of photosynthesis at depth less than 3m increased 
phytoplankton productions. Manganese (Mn) and iron (Fe) concentrations were 
subjected to geochemical processes, particularly redox reaction. The mean 
concentrations of heavy metals in the water column decreased in the following order: 
Fe > Mn > Zn > Cu > As > Pb. Based on Carlson’s Trophic State the Sembrong 
Reservoir is classified as hypereutrophic. On the other hand, the heavy metal 
concentrations as determined by the Heavy Metal Evaluation Index (HEI) fall under 
slightly polluted to polluted. Factor analysis suggested that the heavy metals are 
originated from modern agricultural plots. Higher heavy metal contents were observed 
in the west wing. This could be associated with micronutrient fertilizer from oil palm 
plantation with remarkable increases in the Enrichment Factor and Geoaccumulation 
Index for Zn, Cu, and Mn. Sediment mixing and digenesis processes influenced the 
deposition of bottom sediment. Given the irregularities of 210Pb, long-term 
sedimentation rates were calculated by dividing the sediment thickness over a period. 
Higher sedimentation rates were observed at cores S1 and S6A with sedimentation 
rates of 1.10 and 1.17 cm/year, respectively. Forest clearing for oil palm plantation, 
dam development, and modern agricultural activities play important roles in the spatial 
and temporal distributions of sediment and water quality. This study highlighted the 
importance of limnology in controlling the physical and chemical processes in a 
reservoir ecosystem. The physicochemical properties of sediment also significantly 
influence the quality of reservoir ecosystem. Therefore, a comprehensive management 
plan to preserve the reservoir ecosystems is needed to ensure the sustainability of water 
resources.
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ABSTRAK 
 
 
 
 
Pemahaman terhadap ciri-ciri ekosistem takungan adalah penting dalam 
pengurusan sumber air. Tujuan kajian ini dijalankan adalah untuk menyiasat ciri-ciri 
limnologi dan taburan ruang sifat fizikokimia kualiti air di Takungan Sembrong. 
Kajian ini termasuk penyiasatan terhadap keragaman ruang sifat sedimen, kualiti 
sedimen dasar dan perkaitan antara kadar sedimentasi dengan perubahan guna tanah 
dan peristiwa hidrologi. Pengumpulan data dijalankan dari November 2011 hingga 
Januari 2013. Persampelan secara menegak dilakukan ke atas air takungan dan ciri 
fizikalnya diukur dilapangan. Kandungan Al, Fe, K, Na, Mg,  Ca, Fe,  Mn, Zn, Cu, As, 
Pb dan Jumlah Forforus bagi sampel air telah dianalisis di dalam makmal. Kandungan 
isotop stabil (18O dan 2H) diukur dengan menggunakan SERCON GEO 20–20 
Continuous Flow Isotope Ratio Mass Spectrometer (CF–IRMS). Sejumlah sembilan 
sedimen dasar dianalisis untuk menentukan kandungan guguran radioaktif 210Pb dan 
137Cs dengan menggunakan Gamma Spectrometer. Kandungan Jumlah Carbon, 
Jumlah Nitrogen dan taburan saiz sedimen juga diukur. Corak polimitik telah dikesan 
terutamanya pada bulan-bulan yang lembap. Kejadian stratifikasi suhu berlaku pada 
kedalaman 3m dan 4m. Kadar fotosintesis yang lebih tinggi berlaku pada kedalaman 
kurang daripada 3m dan telah meningkatkan penghasilan fitoplankton. Kepekatan 
Mangan (Mn) dan Ferum (Fe) adalah bergantung kepada proses geokimia terutamanya 
tindak balas redoks. Purata kepekatan logam berat dalam air berkurangan mengikut 
urutan : Fe > Mn > Zn > Cu > As > Pb. Berdasarkan Kadar Tropik Carlson, takungan 
Sembrong diklasifikasikan sebagai hypereutrofik. Sebaliknya, Indeks Pentaksiran 
Logam Berat menunjukkan tahap pencemaran logam berat adalah berada pada kadar 
sedikit tercemar hingga ke tercemar. Analisis faktor menunjukkan sumber unsur logam 
berat adalah dari petak pertanian moden. Kandungan logam berat yang lebih tinggi 
telah dikesan disebelah barat. Keadaan ini dikaitkan dengan baja mikronutrien dari 
ladang kelapa sawit yang menunjukkan kenaikan ketara Faktor Pengayaan dan Indek 
Geoakumulasi bagi Zn, Cu dan Mn. Percampuran sedimen dan proses digenesis 
mempengaruhi pemendapan sedimen. Oleh kerana ketidakstabilan 210Pb, kadar 
sedimentasi jangka masa panjang telah dikira dengan membahagikan ketebalan lapisan 
sedimen terhadap tempoh masa. Sampel sedimen S1 dan S6A menunjukkan kadar 
sedimentasi tertinggi dengan nilai sedimentasinya masing-masing adalah 1.10 dan 
1.17 cm/tahun. Aktiviti pembersihan hutan bagi penanaman kelapa sawit, pembinaan 
empangan dan aktiviti pertanian moden memainkan peranan penting dalam 
menentukan taburan ruang dan masa bagi kualiti air dan sedimen. Kajian ini 
membuktikan kepentingan limnologi dalam menentukan proses fizikal dan kimia 
dalam ekosistem takungan. Sifat fizikokimia sedimen juga memainkan peranan dalam 
mempengaruhi kualiti ekosistem takungan. Oleh itu, pelan pengurusan komprehensif 
untuk memelihara ekosistem takungan diperlukan bagi memastikan kelestarian 
sumber air.
